Abstract This paper demonstrates the feasibility of a salpingectomy for ectopic pregnancy by transvaginal natural orifice transluminal endoscopic surgery (vNOTES).
Background
Over the last 20 years, the advantages of laparoscopy in gynaecological surgery, when compared with open surgery, have been accepted worldwide [1] . Less invasive procedures, such as single incision laparoscopic surgery (SILS) [2] and natural orifice transluminal endoscopic surgery (NOTES) [3] [4] [5] , are a developing field of minimally invasive surgery. NOTES makes use of the natural orifices of the body as surgical channels of endoscopy; transvaginal access is most frequently used for NOTES. This approach makes use of a single incision to introduce a trocar through which all instruments are inserted.
A better cosmetic result, by avoiding abdominal incision scars, and less port-related complications, for example hernia formation, can be expected.
In this report, we aimed to demonstrate the feasibility of a NOTES salpingectomy using only conventional, reusable laparoscopic instruments and an inexpensive, self-constructed single port device that can be quickly and easily assembled. We aimed to demonstrate that there is no need for expensive, commercially available disposable SILS ports, other disposable instruments or sealing devices to perform a safe and equally time-efficient salpingectomy by NOTES.
Material and methods

Patients
Between September 2014 and February 2015, five NOTES salpingectomies were performed for ectopic pregnancy. Ectopic pregnancy was diagnosed based on clinical findings, combined with transvaginal ultrasound and positive serum human chorionic gonadotropin (hCG) level. The NOTES Electronic supplementary material The online version of this article (doi:10.1007/s10397-015-0904-6) contains supplementary material, which is available to authorized users. salpingectomies were performed as follows (Video 1). The following patient and perioperative data were collected and retrospectively analysed: patient age, body mass index (BMI), total operating time, serum haemoglobin (Hb) drop, (peri-) operative complications and postoperative pain score. The duration of surgery was defined as the time from incision to the end of closure of the colpotomy.
Surgical technique
The patients were given general anaesthesia and placed in lithotomy position. The lower abdomen and vagina were thoroughly disinfected and draped. A Foley catheter was used to empty the bladder. A 2.5-cm single incision was made in the posterior vaginal fornix. The pouch of Douglas was opened to insert the self-constructed NOTES port. The device was constructed using an Alexis wound protector/retractor (Applied Medical, Rancho Santa Margarita, CA, USA) attached to a size 8 surgical glove (Fig. 1) . One finger of the surgical glove was incised to place a 10-mm reusable trocar for CO 2 insufflation and laparoscope insertion. Four 5-mm reusable trocars were placed through the other fingers for insertion of the reusable laparoscopic instruments. We used a standard 0°10-mm laparoscope. The reusable conventional laparoscopic instruments were a bipolar forceps, a pair of cold scissors, an atraumatic forceps and a suction-irrigation cannula. After placing the patients in Trendelenburg position, CO 2 was insufflated to maintain an adequate pneumoperitoneum.
The diagnosis of a tubal pregnancy could be confirmed during the NOTES procedure in all patients, and both ovaries and contralateral tube were normal. The decision was made to perform a salpingectomy, as demonstrated in the video. After complete resection, the salpinx was extracted through the wound protector into the glove part of the self-constructed port. After haemostasis and rinsing of the peritoneal cavity, the pneumoperitoneum was deflated and the port device removed with the salpinx inside it. The vaginal wall was closed using a resorbable running suture.
Parenteral cefazolin and metronidazole were administered preoperatively. As intraoperative analgesia, paracetamol (1000 mg) and ketorolac trometamol (20 mg) were given.
Postoperative pain was assessed using the visual analogue pain scale (VAS) (scoring from 0-no pain, to 10-worst imaginable pain).
Postoperative pain was managed by paracetamol (1000 mg) and ketorolac trometamol (20 mg), followed by oral paracetamol. Table 1 gives the patient data and operative outcomes. Transvaginal NOTES (vNOTES) for ectopic pregnancy was successfully completed in all patients. No minor or major perior postoperative complications occurred.
Results
The median age of the patients was 29 years (range, 26-32). The median body mass index was 23.76 kg/m 2 (range, 19.6-27). Four patients had had one previous delivery, of which one was by Caesarean section and the other three by normal vaginal delivery. For one patient, the ectopic pregnancy was the first pregnancy.
From incision to vaginal closure, the mean operation time was 33 min. The mean blood loss due to the procedure was 36 cc. The mean drop in haemoglobin level 24 h after the operation was 1.96 g/dl.
In two patients, the ectopic pregnancy ruptured preoperatively causing a haemoperitoneum; in one of these patients, 2 units of packed cells were transfused postoperatively because of a Hb decrease of 5.4 g/dl.
The VAS score 12 h postoperatively was low for all patients, and the median VAS pain scores at 12 h after surgery were 2 (range 1-2).
Discussion
Transvaginal laparoscopy was initially reported as a safe and minimally invasive diagnostic technique in infertility [6] . NOTES is an emerging field in gynaecology, gastrointestinal surgery and urology. The first appendectomy via vNOTES was reported on in 2008 [7] . A randomised study on vNOTES cholecystectomy concluded that transvaginal cholecystectomy can be recommended to future patients as an alternative for a laparoscopic cholecystectomy [8] . In urology, pure vNOTES nephrectomy is found to be technically challenging but feasible [9] . In gynaecology, fertility surgeons were the first to start using transvaginal laparoscopy. Transvaginal hydrolaparoscopy is now used as an outpatient procedure for infertility investigation [10] . It can also be used on an ambulatory basis for reconstructive tubo-ovarian surgery [11] . Experienced laparoscopists are now being advised to consider a Fig. 1 Conventional, reusable laparoscopic instruments used and inserted through an inexpensive, self-constructed single port device transition towards fertiloscopy in the diagnostic workup of unexplained infertility, or for the purpose of ovarian drilling [12] . vNOTES can also be used as an approach for adnexal surgery and adhaesiolysis [3] [4] [5] 13] . A variety of approaches, including the stomach, oesophagus, bladder and rectum, are being used for NOTES procedures. However, the vast majority of NOTES procedures have been performed transvaginally, as the vagina provides direct access [14] .
In this report, vNOTES salpingectomy for tubal pregnancy, unruptured or ruptured, was successfully performed using only conventional, reusable laparoscopic instruments and a selfconstructed low-cost NOTES port. The procedures were completed within a reasonable operation time and without complications. No conversion to standard multi-incision laparoscopy or laparotomy was necessary. It was still possible to perform a salpingectomy via vNOTES in a patient with a haemoperitoneum of 1400 ml due to a ruptured ectopic pregnancy. Transvaginal access via a colpotomy was also possible in the two patients who had had no previous vaginal delivery.
Various technical difficulties, such as instrument collision, limited triangulation and reduced tissue traction, are comparable to those for transumbilical SILS and need to be overcome in order to perform vNOTES. These difficulties have been found to be less restricting when compared with SILS, as the colpotomy provides a more flexible entry compared to the infraumbilical fascia opening. Due to camera insertion through the pouch of Douglas, the view through a vNOTES port is opposite to that of a standard laparoscopic view, and this rotation of the surgical field axis required only a brief adaptation period.
Transvaginal NOTES salpingectomy provides a better aesthetic result when compared to a standard laparoscopic salpingectomy as no abdominal incisions are made. Whether patients have less postoperative pain needs to be further assessed in larger studies. A systematic review on vNOTES appendectomies reported a trend towards shorter hospitalisation, quicker recovery, less analgesic requirement and better cosmetic satisfaction [15] . A similar result can be expected for vNOTES salpingectomy. One could argue the possibility of pelvic infection after vaginal surgery, but previous studies have shown that postoperative pelvic infection is unlikely to happen, especially when prophylactic antibiotics are administered [16, 17] . The risk of dyspareunia due to the colpotomy needs to be taken into account. No difference between conventional compared to laparoscopic transvaginal surgery is to be expected, and different studies show the absence of dyspareunia at a mid-and long-term follow-up [16] [17] [18] . Sexual abstinence should be recommended for 6 to 8 weeks as is the recommendation for conventional transvaginal surgery [18] .
An inexpensive, self-constructed single port device that can quickly and easily be made by any surgeon was used. Combining this self-constructed port device with easily available, conventional and reusable laparoscopic instruments demonstrates that salpingectomy via vNOTES can be performed without increasing the cost of laparoscopic surgery. This poor man's NOTES technique may potentially be applied in a low-resource setting, where only standard basic laparoscopic equipment is available. Besides being less costly, this approach offers other advantages when compared to commercial ports: it makes use of flexible material that enables greater manipulation of instruments, and a greater number and size of instruments can be passed through the incision. Transvaginal NOTES marks the Compliance with ethical standards
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